Purpose -To identify whether the entrepreneurial activities of Universities in the UK can be statistically grouped together.
groups. This approach allows university activities to be identified within distinct groups, allowing better understanding of how universities are engaging in commercial activities in certain areas.
The rest of the paper is structured as follows. The next section explores the literature related to the entrepreneurial activities undertaken by universities in order to identify the variables of potential relevance to the study. This is followed by outlining the methods and data set used. The results obtained are then reviewed, followed by a discussion of the rankings for each of the factors identified. Finally, the conclusions section identifies the policy relevance of these results as well as future research potential.
Entrepreneurial Activities Undertaken by Universities
Higher Education Institutions (HEIs) have increasingly been encouraged to take a larger role in economic development (e.g. see Lazzeretti and Tavoletti, 2005; Lenger, 2008) particularly through innovation (Benneworth, 2007) . Increased government policy efforts have therefore been focused in many countries to more directly commercialise the outputs of university research in some way.
The previous role of Universities as centres for teaching and research has therefore been supplemented by the need to increase the economic performance of the economies in which they sit (Etzkowitz and Leydesdorff, 1999; Gibb et al., 2009) . Reductions in spending on higher education and increasing student numbers also mean that Universities have been forced to develop third stream (external) sources of income (Gibb et al., 2009; PACEC, 2009) .
This also changes the traditional view of a university's purpose and values, which focuses on knowledge for its own sake; making knowledge freely available to all (Behrens and Gray, 2001) ; organised scepticism (Kenny, 1987) ; and learning. The new more entrepreneurial paradigm for universities instead involves a greater focus on direct economic value creation and exploitation for the university than previously (Behrens and Gray, 2001; Harman, 2006) , potentially creating tensions between teaching and theoretical research activities related to a university's traditional academic reputation and its more recent direct economic development role (Jarzabkowski, 2005) .
The activities analysed within this study can be seen to fit within 'Triple Helix' theoretical framework (Etzkowitz et al., 2000) , which brings together universities, governments and industry, and highlights the increasing role that universities play in innovation across sectors and the wider economy as a whole (Etzkowitz and Leydesdorff, 1999; Gibb et al., 2009) . Within this, the 'Entrepreneurial University' concept can be seen as one focal point (Gibb et al., 2009) , university development of close ties developed through on-going mutually beneficial knowledge exchange underpinning the model (Etzkowitz and Leydesdorff, 2000, Etzkowitz, 2003) , that can be seen as entrepreneurial in nature. TSA activities develop university linkages with business strengthening the Triple Helix (Gibb et al., 2009) . Wright et al., (2004) suggest a range of formal and informal TSA mechanisms through which knowledge creation and dissemination can be encouraged more widely, for example, licensing and technology transfer. The university can utilise a range of structures through which to do this, including incubators, joint ventures, start-ups and spin-outs (e.g. see Berggren and Lindholm Dahlstrand, 2009) . Birley (2002) , however, also highlights a number of potential university management and governance-related barriers which work against this new entrepreneurially focused university paradigm (e.g. see Bok, 2003; Etzkowitz, 2003; Morrison, 2004) . Frenz and Oughton (2006) also discovered that the level of direct UK firm-UK university cooperation is very low, concluding more generally that firms must also have a certain level of absorptive capacity to provide legitimacy before entering into cooperation with a university. To follow, therefore, will be an overview of the various activities that make up the third stream activities (TSA) of Universities in the UK. These range from contract research and consultancy, more traditional patents to licensing, and spinoffs of various types.
Contract Research, Consultancy Contracts and Facilities
In addition to short term monetary gain for the university, contract research can also enhance relationships with industry (Prince, 2007; Woolgar, 2007) , assist spin-off creation (Van Looy et al., 2011) , complement other knowledge exchange activities (Landry et al., 2010; Van Looy et al., 2011) and benefit the local region more than (inter)nationally (Schartinger et al., 2002) . Powell (2012) also suggests that universities engaging with SMEs can help drive innovation and help them create sustainable growth. Universities can also provide facilities and equipment for businesses for a fee, in turn receiving payment, encouraging entrepreneurial behaviour with the facilities whilst also generating an income (Etzkowitz, 2003; Mian, 1996) .
Indeed, Huffman and Quigley (2002) suggest one of the reasons for the success of Silicon Valley was because firms could access the facilities and equipment of Stanford University, as well as Stanford creating an industrial park on university owned land to facilitate business co-location and enhance knowledge sharing and diffusion. Unsurprisingly, therefore, many universities now have science parks and new firm incubators for these very reasons.
Patenting and Licensing
The addition of a third stream mission often simply exploits universities' core existing TSA strengths given that Universities have been centres for knowledge creation for centuries and dedication to research is often cited within universities' vision and mission declarations [Cambridge 2012; Cardiff 2012] . Patenting also, however, also forms an important component of the entrepreneurial university, protecting its intellectual property (Baldini, 2009; Crespi et al., 2011) .
The traditional importance of patenting to firms' (and universities') innovation, economic growth and productivity means that, unsurprisingly, there has been plenty of academic attention (Baldini, 2009; Crespi et al., 2011) , though there has been a downward trend in this activity since the turn of the 21st century (Leydesdorff and Meyer, 2010) . One-way universities can then exploit their patent is through the sale of licenses to firms, providing the university with a royalty income substantial in some cases, for example Gatorade (Gatorade, 2012) .
Licensing is therefore inherently linked to the number of disclosures and patents generated by a university as a license is exploiting the patent. Siegel et al., (2008) show a positive and significant increase in licensing numbers from increased disclosures by a university. Unsurprisingly, therefore, many studies have used licensing (or licensing income) as one of the measures of a university's' knowledge transfer or economic success (Caldera and Debande 2010; Conti and Gaule 2011; Siegel et al., 2008; Thursby et al., 2007) . Siegel et al., (2008) , however, also suggest that different types of Universities require different approaches in their exploitation of knowledge, with larger, older Universities often less focused on licensing, preferring alternative methods of knowledge transfer.
Spin-offs and Start-ups
Another, related, method for exploiting university research is the creation of spin-offs, there being various types of spin-off categorisations within this field used by the HE-BCIS within this study. Universities have been directly creating spin-off companies for decades and such university spin off activity is increasing (PACEC, 2009) . (Shane, 2004) , benefitting the university and the economy (Shane, 2004) . Hannon et al., (2005) also, however, identified the key role of the HE sector in the process of increasing the levels of graduate entrepreneurship given that although self-employment is chosen by a minority of graduates, it is also a key source of entrepreneurial activity in the UK (Prospects Net, 2007) . Holden et al., (2007) therefore identify the need for ongoing, more sophisticated, research in the graduate entrepreneur area.
In terms of spin off research, however, most studies have only explored whether a university is creating a spin-off, not differentiating between different types of spinoff (which are included in the HE-BCIS survey). Whilst some have differentiated between sponsored and unsponsored spin offs (Bathelt et al., 2010) , or orthodox, hybrid or technological (Nicolaou and Birley, 2003) , there is a lack of use of the categorisations used in the HE-BCIS to analyse UK universities. Specifically noteworthy in this regard is the study by Åstebro et al., (2012) which uses graduate and staff spin-offs (start-ups). They note, however, the lack of studies including the creation of graduate start-ups when assessing universities TSA. It is this specific context, therefore that this study discusses graduate entrepreneurship, rather than in terms of the broader impact of university entrepreneurship education, discussed in more detail elsewhere (Kassean et al, 2015; Pittaway and Cope, 2007) or the graduate as entrepreneur (e.g. see Pickernell et al, 2011) .
This review of the literature therefore identified a number of potential variables which are of potential use in the analysis. These include; contract research and consultancy contracts, as here the university is engaging with businesses to diffuse knowledge whilst also receiving third stream revenue Van Looy et al., 2011) . Universities can also provide facilities and equipment for businesses for a fee, inclusion of this as a variable appearing to be unique within the context of entrepreneurial universities.
Patenting also forms an important component of the entrepreneurial university as this is where a university is protecting its intellectual property (Baldini, 2009; Crespi et al., 2011) . Licensing has also been used to analyse the entrepreneurial university and so it seems prudent to include this in analysis of entrepreneurial universities (Caldera and Debande, 2010; Powers and McDougall, 2005) .
Another of the ways that universities exploit their research is spin-off creation. In creating a spin off, the university is looking to exploit their research for their own commercial gain (Shane, 2004) . The addition of other forms of start-up, such as graduate start-ups in the entrepreneurial university paradigm is newer but seems sensible as universities are increasingly encouraged, more broadly to create entrepreneurs through entrepreneurship education activities. Given the study by Pickernell et al, (2011) , that showed that graduate entrepreneurs (i.e. SME owners with a university degree) have "significant direct and indirect benefits that are of use to further entrepreneurial activity", this alsosuggests that the development of graduate entrepreneurs through university start-up could also play a key role in the future economic development of local, regional and national economies.
Method
The data source used for the analysis within this paper, is the UK's Higher Education Business and Community Interaction Survey (HE-BCIS). The HE-BCIS is carried out annually by the Higher Education Statistics Agency (HESA) and is a comprehensive collection of data regarding the financial activities of universities in the UK.
Whilst there have been reports of Universities providing unreliable information (Rae et al., 2010) , which could lead to inaccurate results, the HE-BCIS as a Government sponsored collection of data, can be considered the most comprehensive dataset available to researchers and so universities should be accurately reporting their activities. Rosli and Rossi (2014) also note that it is broad in scope and that other countries are seeking to adopt similar survey methods so that they can have a greater indication of the third stream activities of their universities.
The 2009/10 survey included data from all 168 of the UK's Higher Education Institutions (HEIs) and forms the basis of the analysis within this paper. Information was collected from all of the possible types of commercial activities that universities in the UK were engaging in.
The HE-BCIS contains wide ranging information regarding the commercial activities of universities within the UK. These include; disclosures, patenting, licensing, spin-offs generated, contract and consultancy research, provision of Continuing Professional Development, provision of Continuing Education and allowing the use of facilities and equipment.
Many of these different avenues for commercial activities are then disaggregated to include data related to the type of organisation with which the university is engaging with. For instance, licensing is broken down into six specific categories; software SME, software non-SME, software non-commercial, non-software SME, non-software non-SME and non-software non-commercial.
For spin-offs there are four different types identified based upon the ownership of the new venture; HEI Owned, non-HEI Owned, Staff Owned and Graduate Owned. This additional data, compared to other studies (Avnimelech and Feldman, 2011; Caldera and Debande, 2010) , provides researchers with the ability to delve deeper into the specifics of the commercial activities of Universities in the UK.
Due to the heterogeneity of the HE sector within the UK and the inclusive nature of the HE-BCIS, however, there was a need to identify universities that were not actively engaged with, or did not submit data for, their commercial activities. Analysis of the data for 2009/10 identified 24 universities with insufficient data to include within this study. Their removal from the data used for future analysis reduced the size of the dataset but also made the analysis more robust for use with statistical software.
Previous studies have typically chosen a small number of the commercial activities of universities to study in terms of entrepreneurship, based upon logic. Åstebro et al., (2012) and Di Gregorio and Shane (2003) used start-ups, Siegel et al., (2003) used licensing whilst Avnimelech and Feldman (2011) and Caldera and Debande (2010) used a combination of commercial activities. Åstebro et al., (2012) suggest in addition to the regular commercial activities of universities, the university's ability to develop graduate start-ups should be studied as this is currently under researched within the literature.
Statistical Analysis Methods
Because this study aims to identify whether there are groups of university activities that can be seen as entrepreneurial, being engaged in by universities in the UK, rather than individual activities, Principal Component Analysis (PCA) was identified as the most relevant method for this analysis. PCA allows a researcher to reduce the size of a dataset whilst keeping as much of the information as possible (Field, 2009) . PCA produces a number of "factors" which include a number of correlated variables and accounts for a large proportion of the variance within that group of variables (Field, 2009) .
Entering a whole range of variables relating to the external interactions of universities and then allowing statistical analysis to confirm which variables to subject to further analysis has not been used in this way before. This method of dependent variable generation provides a unique insight into the statistical similarities between various variables relating to entrepreneurship; knowledge creation, exchange and exploitation).
There is a lot of debate amongst PCA theorists over the correct way to retain factors, the most basic is to keep those with an eigenvalue above 1. Costello and Osborne (2005) , however, recommend a scree plot be used to visually observe the point that eigenvalues naturally flatten. This method was used to identify those factors which were to be retained.
There were 144 universities included within the PCA. As stated previously, 24 of the 168 available universities were removed due to them not being engaged in the majority of the activities that we were analysing. There were 35 variables initially included within the PCA, with 16 variables remaining at the end (See Table. I). The 19 variables removed from the PCA were for two main reasons; a value of less than 0.5 in the rotated factor loadings or cross loadings of greater than 0.2 difference.
Table I
Table I to be inserted here As you can see from Table I , there are a wide range of variables that are related to the third stream activities of universities in the UK. The broad categories into which these variables can be seen to reside have been studied in the past when considering the activities of Universities. This ensures that we are grounded within theory; these activities have already been shown in the literature to be important to Universities' commercial success.
The PCA allows us to see how these activities fit together statistically, into distinct groups.
Variables Removed During the Principle Component Analysis
In terms of the variables omitted, some of which are obviously important in the literature, this was for reasons of crossloading of the variables onto multiple factors. The variables omitted included those concerning consultancy contracts (which make up the second largest revenue stream for Universities (HE-BCIS 2010)), all of the different types of licensing (software/non software and by the type of business), as well as firm use of university laboratories or digital media suites (HE-BCIS 2010).
There could be many reasons for the removal of the variables in the PCA, for instance, the number of licenses had a high crossloading across two of the groups identified. The high crossloading suggests that they are accounted for by the UKEA variable, albeit implicitly due to their similarity (high value and crossloaded). For similar reasons as consultancy, some of the patenting variables and those related to facilities and equipment were also removed from the PCA.
Results

Different Groups of University Commercial Activities
The PCA produced four distinct factors (or groups of statistically related variables). Specifically, the PCA produced three factors related to spin-offs, labelled as "Staff Spin-off Activity", "Non-HEI Owned Spin-Off Activity" and "Graduate Start-up Activity". The other factor has been named "University Knowledge Exploitation Activity (UKEA)" and this factor encompasses a wide range of knowledge creation, exchange and exploitation activities, the details shown in Table II below. These factors created by the PCA cover a wide range of variables that have been previously studied in the context of entrepreneurial universities. Here we can see how these individual variables are related to each other (within each of the factors) whilst being fundamentally different to the other factors (i.e. between factors). We can see, for example, that contract research with various actors, disclosure of patents, patent applications, patents granted and university owned spin-offs appear to have similar constructs. This suggests that a university engaging in high levels of contract research will be generating patents and forming university owned spin-offs to exploit their research.
The PCA also created 3 separate factors relating to various types of spin-offs, suggesting that these activities are fundamentally different both from each other and the UKEA factor. This might suggest different institutional factors at play (such as research funding, teaching focus or research quality for example) driving each of the different factors identified by the PCA which is an interesting area for future research. Factor 1: University Knowledge Exploitation Activity encompasses a wide range of what can be seen as "traditional university knowledge creation, exchange and exploitation activities" most closely associated with entrepreneurial universities, and explains almost half the total variance explained by the factors. Factor 2: Staff Spin-off Activity includes staff spin-off activity, creating companies set-up by current (or recent) HEI staff but not based on IP owned by the university (HESA, 2012), and explains around a fifth of the total variance explained by the factors. Factor 3: Non-HEI Owned Spin-Off Activity is defined by HESA (2012) as including companies based on IP that has originated from within the HEI but where the HEI has released ownership through sale of shares and/or IP etc. This factor explains just over one sixth of the total variance explained by the factors. Finally, Factor 4: Graduate Startup Activity is defined as including new business started by recent (within two years) graduates regardless of where IP resides, and where there has been formal business/enterprise support from the HEI, making this factor most closely related to enterprise education type activities. This explains around an eighth of the total variance explained by the factors.
University Knowledge Exploitation Activity
The UKEA factor consists of nine variables and can be seen to encompass the variables most directly associated with entrepreneurial universities. These include; different types of contract research, number of disclosures, new patent applications and new patents granted, number of active HEI owned spin-offs, number of HEI owned spin-offs survived for three years and the estimated employment of HEI owned spin-offs (See Table III for an overview of the component variables within the dataset).
As previously stated, many studies have attempted to use some of these variables individually as their dependent variable to be studied (Åstebro et al., 2012; Azagra-Caro, 2007; Caldera and Debande, 2010; D'Este and Perkmann, 2011; Freitas et al., 2013; Powers and McDougall, 2005; Van Looy et al., 2011) . Using PCA, however, it can be shown that, statistically, processes such as patenting and spinning-out of university know-how are correlated, whilst the Cronbach's Alpha score suggests that each of the component variables are, in essence, measuring the same thing (IBM, 2014) .
In addition, also related are contract research with SMEs, non-SMEs and noncommercial organisations. Abreu et al., (2009) studied the external interaction activities of academics and found that the majority of academics' time working with industry was through joint research, contract research and consultancy services. The HESA (2012) definition of contract research states that it: "Must be identifiable as the institution meeting the specific research needs of external partners" and does not include basic research grants. The HE-BCIS also shows that contract research is the largest source of third stream income for universities in the UK (HE-BCIS, 2010). The 144 institutions in this analysis took part in 28,591 research contracts, The total value of contract research to the 144 UK universities was £983.5 million, with most of this money focused on the top research universities with Oxford University generating the most at just over £95 million. This confirms the importance of the inclusion of these variables within the PCA when we consider traditional entrepreneurial activities of universities and is consistent with the existing literature.
Table III
Table III to be inserted here
The PCA in this study also identified three different variables relating to HEI owned spin-offs being merged together. These are the number of active HEI owned spin-offs, the number of HEI owned spin-offs survived three years and the estimated employment of the HEI owned spin-offs. The PCA provided here provides some contradiction to the work of Rothaermel and Thursby (2005) with firms active, firms survived three years and employment being statistically, the same thing with regards to variance and so measuring them separately is not necessary.
Relying purely on the number of currently active spin-offs, according to previous studies, does not provide sufficient information on the success of spin-off as many do not survive for long (Rothaermel and Thursby, 2005) . Rothaermel and Thursby (2005) found that over the six year period of their study there was a 52% failure rate amongst firms within the incubator.
The inclusion of estimated employment is also of interest when considering what universities are being encouraged to do by policymakers, namely to drive employment of benefit to the university and the economy. This is an important component of the often-cited Triple Helix (Gibb et al., 2009) .
The inclusion of the three HEI owned spin-off-related variables completes the composition of the first factor generated in the PCA. These nine variables are closely related to each other and in essence, the PCA has identified these activities as measuring the same thing, which can be seen as entrepreneurial TSA activity which primarily benefits the university itself. Unsurprisingly, therefore these nine variables make up the group of university entrepreneurial activity that explains the greatest degree of overall variance. Now that we have discussed the variables that formed (or did not form) the UKEA group of entrepreneurial activities it is time to discuss the other three groups of entrepreneurial activities and their component variables.
Staff, Non HEI-Owned and Graduate Spin-off and Start-up Activity
Using PCA it was found that spinning off companies was an essential component of a university's' entrepreneurial activities and that there are fundamentally four different types of spin-offs that can be created at a university. Previous studies have shown that university spin-offs are an important component of Entrepreneurial Universities (Åstebro et al., 2012; Gibb et al., 2009; Siegel et al., 2008) . Spin-offs have also been used as the dependent variable in many studies; Savage (2006) studied spin-offs from Oxford University, Gilsing et al (2011) There appears to be a gap in the literature, however, regarding the different types of spin-offs that can be created from within a university. Within UKEA we discussed HEI Owned Spin-offs but the PCA also showed that non-HEI owned, staff and graduate spin-offs (start-ups) are also important, generating separate factors.
By definition a staff spin-off is set up by a current (or recent) member of staff where the university has no claim to the IP. These types of spin-offs are the least common type being produced by Universities in the UK. The HE-BCIS (2010) shows that there were 286 active staff spin-offs in the sample with 183 having survived for three years or more. HESA (2012) define this type of spin-off as: "Companies set-up based on IP that has originated from within the HEI but which the HEI has released ownership (usually through the sale of shares and/or IP)". There were also 1053 active spin-offs classified as non-HEI owned within the HE-BCIS (2011) with 140 of those having survived for three or more years. Finally, according to the HE-BCIS (2010) there were 2114 graduate spin-offs created during the 09/10 year with 1999 graduate start-ups having survived three years.
This gives a total of 2,322 spin-offs that have survived for three years from the 144 Universities within this study (see Table III ). The turnover from the active spinoffs (non-HEI owned/staff/graduate) comes in at approximately £1.3 billion and shows the importance of spin-offs to the British economy (HE-BCIS, 2010).
Table IV
Table IV to be inserted here Lockett and Wright (2005) used the number of spin-offs created and the number of equity investments received to assess the impact of university resources and capabilities. Wright et al also performed a similar study that included the amount of investment that university spin-offs were generating . Previous studies in to spin-offs have often focused on trying to provide a typology to classify the types of spin-offs (Mustar et al., 2006) . Broadly, the typologies used have come down to three perspective categories; the institutional link, the business model or the resources (Mustar et al., 2006) .
There appear to be no previous studies, however, that have made use of the fact that there are different types of spin-offs from within universities in the UK as identified by the HE-BCIS. Åstebro et al., (2012) used the closest classifications for spin-offs to those used identified by PCA in this study. However, they only used faculty and graduate start-ups rather than the four different types included here (Åstebro et al., 2012) .
Previous studies such as those by D'Este and Perkmann (2011) or Powers and McDougall (2005) used university spin-offs as their dependent variable. The PCA produced during this study suggests both that actually there are four different types of university spin-off that are inherently different from one another, and that university owned spin offs are part of a broader factor.
Graduate start-ups, have not been widely studied within the literature, Åstebro et al., (2012) noting this to be the case and analysing data from the USA and Sweden on graduate start-ups. Åstebro et al., (2012) found the number of new graduate start-ups far outweighs the number of staff spin-offs, mirroring the HE-BCIS data for the UK.
A study of US based academic institutions by Avnimelech and Feldman (2011) used staff spin-offs as their dependent variable, but it appears that they used "academic staff spin-offs" as an all-encompassing term that includes all of the spinoffs generated within the university. This differs from the PCA approach used in this study as it differentiates between the types of spin-offs by their ownership, important because, as Avnimelech and Feldman (2011) found, there is a need for institutions to understand the trade-off between activities that lead to licensing and creating spinoffs, requiring careful deliberation when choosing the best method of exploiting their IP. This might also explain why licensing needed to be excluded from the PCA. However, this is a possible explanation and would require further investigation to understand the relationship properly.
Harrison and Leitch (2010) also argue that spin-offs from UK universities typically remain small and those academics that spin-off a company are less likely to want to drive growth of the new business than a "classic entrepreneur" would. Conversely, graduates are far more likely to want to grow their new business because it is often their sole job, academics having a balancing act between being an academic and being an entrepreneur (Harrison and Leitch, 2010; Jain et al., 2009; Lacetera, 2009 ). This also lends weight to the worth of the PCA approach, which has produced factors that identify the different types of spin-offs being developed at Universities.
Discussion
Ranking the Top 10 Universities in Each Group of Entrepreneurial Activities
Using a simple ranking of the universities for each separate group of entrepreneurial activities shows some interesting illustrations with regards to the ranking of universities by their engagement in the different sets of activities. In addition, we can tentatively suggest that certain types of university are better at generating entrepreneurial outcomes through UKEA, others are better at developing graduate entrepreneurs, the other types of activities showing mixtures of types.
Table V
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In terms of the highest rankings for the individual sets of activities in each category, for UKEA, Table V shows that, unsurprisingly, all of the top 10 universities belong to the Russell Group of universities. The very nature of the components of the UKEA factor suggest that this type of activity will likely be driven by research funding and research quality, dominated by the most research active and best funded universities.
In contrast to those universities achieving high rankings using UKEA, are those creating the most staff spin-offs (See Table VI ). We can see that there are fewer Russell Group universities and a likely greater variation amongst the universities with regards to their research quality, funding and focus (teaching or research). Indeed, only Southampton, Cambridge and Edinburgh Universities are in the top ten for both UKEA and staff spin-offs.
Table VI
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Non-HEI Owned Spin-offs also show different universities being in the top ten as shown in Table VII . Again, we see that a number of Russell Group universities are in this top ten, with Edinburgh and Cambridge Universities also being in the top ten for staff spin-offs.
Table VII
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Finally, when we consider the top ten universities for graduate start-ups we can see in Table VIII a real difference with the three previous top ten rankings. Russell Group universities are far less common, with three of the top ten being universities dedicated to the Arts. It appears, therefore, that the newer universities are more capable of producing graduate entrepreneurs than most of the older more research intensive universities.
Table VIII
Table VIII to be inserted here As we can see from these examples, there are a number of universities that are very good at more than one type of entrepreneurial activity (Cambridge appearing in the top ten for three of the factors). Conversely, some universities are very good at driving graduate start-ups but seem generally engage less in the other groups of activity.
We can see from the 4 tables above that there is a great variation between the universities coming in the top 10 across the 4 factors used in the analysis. What this means for the debate around the entrepreneurial university is of interest to many stakeholders. Specifically, the results here suggest that the exploitation of university held (owned) knowledge, through patents, contract research and university owned spin-offs is just one part of a wider set of entrepreneurial activities that universities undertake idea. Given the diversity in terms of the universities in the top 10s for each of the different factors it appears, although more research is needed, that staff owned spin-offs, non-HEI owned spin-offs and especially graduate start-ups are driven by something other than the research standing of the individual university (at least as indicated by Russel group membership). Identifying what is causing this result could therefore enable stakeholders (including government policymakers) to better encourage the different avenues of entrepreneurship .
Conclusions
Through the analysis of the literature surrounding the entrepreneurial activities of universities, it became apparent that there was a theme emerging. Previous studies focused upon a few specific measures of a university's' external interactions such as; patenting, licensing, spin-off creation, consulting or contract research. Typically researchers would choose one (or several) of these activities and then analyse the impact of a range of independent variables. Through the analysis of the literature it became clear, however, that whilst the "Entrepreneurial University" has been widely discussed and theories put forward for the activities that they engage in, there have been few studies to mathematically identify those groups of activities. Instead, the choice of dependent variables (whether that be patenting or licensing) has always been down to the researcher's choice. This study, through the use of PCA, has mathematically identified the dependent variables of relevance to future research.
The fact that three different types of contract research, along with university owned spin-off activities and generating and patenting ideas factor together is of interest to both this study and to future studies. Previous research focused on individual outputs to measure a university's' performance. This factor encompasses a range of traditional entrepreneurial activities that universities are encouraged to take part in.
PCA is underused within the relevant literature. D'Este and Perkmann (2011) used factor analysis (which is similar to PCA) but their point of study was the academic and it was used to try and find underlying motivations for engaging with industry rather than being used to generate the dependent variables. Hewitt-Dundas (2012) also used factor analysis but it was used more narrowly to identify different types of university based upon their RAE score.
Many previous studies have also been more selective in terms of their sample. Siegel et al., (2008) used 37 Universities from the UK (from the top 98 with the highest research income) and 83 Universities from the USA. This small and selective sample doesn't represent the heterogeneous nature of the UK higher education sector. By way of contrast, the PCA in this study includes 144 of the 168 HEIs in the UK, allowing this study a greater degree of generalisability to the UK sector as a whole.
This novel approach in this area of research has allowed the researcher to identify four unique groups of entrepreneurial activities that universities are engaging in. "University Knowledge Exploitation Activities" (UKEA) is the most wide-ranging and, importantly, includes many activities analysed in previous studies as separate activities (see Caldera and Debande, 2010; D'Este and Perkmann, 2011; Link et al., 2005; Siegel et al., 2008; Van Looy et al., 2011) . This suggests that all these activities are in some-way related, the power of the result coming from the fact that statistically these variables can be grouped together into a single factor when considering the 144 HEIs across the UK included in this study.
The contribution to knowledge from this variable, therefore comes from the way that it was generated (through PCA) and because of the way that these different types of activities (patenting, contract research and spin-offs) come together statistically. These activities cover a wide range of the entrepreneurial activities of universities from knowledge creation and exchange to exploitation. The general nature of this factor is also of real interest to policy makers in trying to understand what groups of entrepreneurial activities at universities are similar. Interestingly, licensing and consultancy contracts did not form any part of these groups of entrepreneurial activities which were identified during the PCA even though the 4 groups of activities accounted for 77% of the variance in the data.
The other three groups of activities identified by the PCA relate to different types of spin-offs and start-ups created at the university with ownership of the spinoffs being the differentiator. "Non-HEI Owned Spin-offs", Staff Owned Spin-offs" and "Graduate Start-Ups" were all identified. The use of graduate start-ups when analysing entrepreneurial universities has been largely understudied and so this provides an important contribution to the knowledge surrounding entrepreneurial universities, particularly given the lack of overlap between universities showing strong results for both UKEA and graduate entrepreneurship (Oxford being a notable exception).
This has interesting potential implications for government policy as well as proving interesting for university stakeholders and policy makers because the UK Government has traditionally focused research funds on a select number of universities, typically those who are part of the Russell Group (DES, 2003) . In 2010/11, the Russell Group of 24 universities received 72% (over £3.2 billion) of UK universities' research grant and contract income and 74% (over £1.1 billion) of total income from the Research Council (Russell Group, 2012) .
The reasons for this concentration of research funds are numerous, but the most common stated reason is that a concentration of funds allows universities to focus upon research and so attract the best talent and conduct the best research (DES, 2003) . What this means for commercial activities such as patenting or spin-off creation that rely on the creation of commercial knowledge or technologies is that universities with the most research funding are most able to conduct these types of commercial activities.
This concentration of funds within the UK can also, however, cause a reinforcing feedback loop because of the way the allocation of research funds works. Enhanced research funding means that a university is able to carry out more research and of a higher standard. This in turn allowed them to submit more research to the Research Assessment Exercise (RAE) (now the Research Excellence Framework (REF)) and so gain more funds thereby completing the funding loop. This may, however, be detrimental to universities outside the Russell Group, potentially affecting their ability to engage in high levels of other types of TSA, specifically related to the spin out and start up activity identified in this study. There is also a worry that universities could be further encouraged to focus on their own revenue, leading to ever more applied research (which is more suitable for commercialisation) at the expense of basic research and the original university mission of helping society. The inclusion of a wider range of activities than have traditionally been included when discussing the "entrepreneurial university" as identified by work such as Etzkowitz (2003) also highlights the potential relevance of an alternative approach, nearer to Woollard's (2007) more widely defined "enterprising university", which can be seen include other activities such as the non-university owned spin offs and graduate start ups identified in this study (as well as the undiscussed entrepreneurship education). ). This also suggest that the "Knowledge Spillover Theory of Entrepreneurship" (Acs et al., 2009 ) is also relevant here, as this highlights that knowledge (for example created by universities) can spill over indirectly into the economy to be exploited by (non-university owned spin out) entrepreneurs (rather than the university itself).
In order to more fully inform government policy and university practice, however, there are a number of limitations to this research, however, which imply a need for further research in this area. For example, whilst the methodology was novel and exploratory, it was limited to the UK context, and used a single year of data. There are therefore obvious limits to the generalisability of these findings to the international HE sector. Whilst steps were taken to ensure that those variables identified in the literature were included to help keep us grounded in existing theory, the nature of this study means that it has also generated a number of interesting new research areas because of the factors generated. These factors clearly require further study in terms of how they themselves are driven by institutional factors. Study of the drivers of different types of entrepreneurial university behaviour identified here is beyond the scope of this study, however, and therefore constitutes another limitation to this research.
In terms of further research, therefore, expanding the dataset to a more international scope would, help with the generalisability of these findings, as would a study using a number of years of UK data. Further study into what is driving these various groups of entrepreneurial activities is also needed to begin to understand how variables such as research funding, research quality and / or whether a university is teaching focussed influences the entrepreneurial activities being engaged in. Understanding how research funding and research quality influence entrepreneurship through different channels is thus an important policy-related question for the future as we have shown that there are various channels for entrepreneurship and universities seem to exploit each channel to varying degrees. This will therefore build on the research undertaken here to gain a better understanding of whether government and university policy should focus upon research quality-based measures of the "impact" that universities are having or whether universities can have greater impact in different ways, such as through the creation of graduate entrepreneurs.
Note
1. Kaiser-Meyer-Olkin Measure of Sampling Adequacy = 0.818 indicating sampling adequacy (Field, 2009; Kaiser, 1970) . Principle Components were kept in accordance with recommended eigenvalues of at least 1 as recommended by Costello and Osborne (2005) , a scree plot was used to confirm this visually. Components were removed from the principle component analysis if they did not have a rotated factor loading of above 0.5 and cross loadings of greater than 0.2 difference were removed (Field, 2009) . 
